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Abstract: For evaluation of extra-cellular recordings with 
multi-electrode arrays (MEAs) an algorithm is needed to 
detect different types of cellular activity. The algorithm 
presented in this paper is based on correlation. It is an 
efficient and simple algorithm which is compared with the 
wave_clus toolbox. In contrast this toolbox is using wavelets 
for clustering the cell activity. 
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Introduction 
When attempting to understand complex neuronal 
networks the use of multi electrode arrays is necessary. 
For evaluation of the recordings of neuronal activities, the 
detection of spontaneous or stimulated activity is needed. 
Active cells are producing spikes and group of spikes 
which can be analyzed by e.g. statistic methods [1]. The 
wave_clus toolbox uses spike detection by feature 
extraction with wavelet coefficients and superparamag-
netic clustering into classes [2]. The spikes are classified 
by their time curve. This procedure is limited by the 
number of used wavelet coefficients. The maximum 
number is 45, so more coefficients could separate 
probably more classes. For this purpose an alternative is 
to be found. 
 
Methods 
The designed algorithm is suitable for single channel data 
analysis, as well as analysis across multiple channels. In 
the first step the data is filtered by a digital Butterworth 
filter with a high pass frequency of 200 Hz and a low pass 
frequency of 3000 Hz [3]. These parameters were 
extracted from a Wigner time-frequency distribution (Fig. 
1). 
The algorithm begins with the detection of all possible spikes 
which exceed a threshold. The threshold is based on a value 
which is calculated by the median multiplied with an 
empirically determined factor.  
For spike sorting the maximum was fixed. The pre- and post-
samples according to the maximum are used to determine a 
defined time course of the sequence [4]. 
Initially all defined spike sequences are collected associated 
to their channel. The first spike is chosen as form based 
reference. As well this spike forms the first element of the 
initial cluster. For each individual time course of a spike the 
correlation (r = 0.6) to the reference spike is calculated. If the 
correlation factor between two spikes is above 0.6, the spike 
is added to the current cluster. If the correlation is too low the 
spike is stored in a temporary container. After running 
through all the spikes and organize them, the container size is 
checked. In case of less than 30 unclassified spikes in the 
container, the algorithm stops otherwise a new cluster is 
opened. The first spike of the temporary container is chosen 
as reference for the new cluster and all other unclassified 
spikes will be checked for correlation. 
 
Results 
For validation the settings of the new spike sorting 
algorithm and the reference algorithm wave_clus are 
adjusted. The algorithm was tested with the same 
reference data which was also used by wave_clus. In Tab. 
1 the results calculated by wave_clus and our new 
algorithm is shown.  
 
Applied to one channel simulated data, the algorithm 
delivers results which match mostly congruently with 
wave_clus. The number of detected spikes in wave_clus 
is 519, the correlation algorithm detects 520. The 
maximum values of the same detected spikes vary between 
the two algorithms for ± 5 samples. Both algorithms divide 
the founded spikes in three clusters (see Fig. 2). For better 
definition of a cluster all spikes will be averaged to one 
waveform (red, blue and green line in Fig. 2). 
 
Table 1: Number of classified spikes 
cluster type wave_clus correlation 
cluster 1 182 182 
cluster 2 170 169 
cluster 3 167 169 
Figure 1: Time-frequency distribution of one 
neuronal spike 
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Fig. 3 and Fig. 4 show an extension of the correlation 
algorithm to a multiple numbers of channels. The correlation 
was calculated over all channels. 
 
Figure 2: Cluster of single channel test data; 
average waveform of cluster 1 (blue), cluster 2 (red) and 
cluster 3 (green) 
Discussion and Outlook 
The comparability of the clusters is limited because the 
methodology of wave_clus changes the spike waveform in a 
severe way. Especially polyphasic spikes are no longer 
recognizable as such. An advantage compared to wave_clus 
is, that the arrays consisting of more channels can be 
considered in a causal relationship and the occurrence of 
certain spike shapes can be analyzed across all channels. 
In future work the algorithm will be used for MEAs with 
more than 48 channels. With these classified information a 
causality analysis could be calculated. 
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Figure 3: Mean of classified spikes per channel using a
9-channel MEA (no classified spike in channel 7) 
Figure 4: Mean of all classified spikes of the 9-channel 
MEA using correlation algorithm 
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